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Introduction: Previous investigations have documented that nicotine-pulsed 
mesenchymal stem cells (MSCs) can induce an anti-inflammatory phenotype in 
some immune cells in vitro. This study aimed to assess the effects of nicotine-
pulsed MSCS in the function of immune cells, macrophages, and lymphocytes 
of mice receiving these cells. 
Materials and methods: Bone marrow-derived MSCs (1.5×106) were seeded 
in a T75flask and incubated with 0, .1, .5, or 1 µM nicotine until the cells 
reached 90% confluency. Afterwards, immunophenotyping change, vitality, 
concentration of TGF-β, IL-10, and IDO levels of the MSC-conditioned 
medium were examined. Correspondent to in vitro results, the C57BL/6 mice 
intravenously received 400 µL of the conditioned medium of MSCs (CM), 
conditioned medium of nicotine (.5 µM)-pulsed MSCs (CMN), or medium. 
After 12 h, the lymphocytes, neutrophils, and peritoneal macrophages of the 
mice were isolated and their function was evaluated ex vivo. 
Results: The least effective dose concentration of nicotine that led to an anti-
inflammatory environment by the MSC-conditioned medium was 0.5 µM. 
Nicotine at this concentration prompted a higher level of TGF-β, IDO 
concentration in the conditioned medium. However, this concentration did not 
affect the MScs' markers expressions or MScs' vitality. T lymphocytes isolated 
from the mice receiving CMN showed a significant decrease in proliferation 
rate. The ratio of the IFN-γ gene expression to IL-4 gene expression in 
splenocytes was significantly reduced in the mice receiving CMN compared to 
the mice receiving CM. The neutral red uptake, respiratory burst, and nitric 
oxide production of the peritoneal macrophage only decreased in the mice 
treated with CMN. These factors also decreased in neutrophils isolated from 
mice receiving CM or CMN. However, these decreases were more prominent 
in the mice treated with CMN. 
Conclusion: Treatment of MSCs by nicotine may be a promising strategy to 
enhance the immunomodulatory properties of these cells. 
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The discovery of non-hematopoietic, 
multipotent, fibroblast-like stem cells 
known as mesenchymal stem cells (MSCs) 
has revolutionized regenerative medicine 
and immune regulation [1, 2]. MSCs reside 
in the bone marrow and other mesenchymal 
tissues such as umbilical cord blood and 
dermal, peri-endothelial, and adipose tissues 
[1, 3]. MSCs are noted for playing an 
essential role in modulating the immune 
system via a close relationship with immune 
cells and secreting a wide variety of soluble 
immunoregulatory factors [4-7]. Nowadays, 
cell therapy with MSCs or using the 
conditioned media of these cells is 
considered a promising strategy to control 
and treat a variety of diseases associated 
with tissue damage and unbridled 
inflammation such as SARS-CoV-2 and 
autoimmune diseases [8-11].  
The most important reason for the tendency 
to use MSCs is their immunoregulatory 
property along with their relatively easy 
isolation and rapid growth[11]. 
Furthermore, the benefits of 
immunosuppressive properties and the low 
immunogenicity of MSCs contribute to a 
lessened immune response induced by the 
implantation of allogeneic MSCs in 
comparison with other cells [4]. The use of 
the conditioned medium of allogeneic 
MSCs, given its cell-free nature as well as 
reduction of the risks associated with cell 
transfer (especially the transmission of 
some latent viruses), can be widely 
commercialized[12, 13]. However, due to 
some factors, particularly the inadequacy of 
reducing inflammation and properly 
regulating immune responses, the use of 
MSCs or their conditioned media has been 
limited[5]. The immunoregulatory function 
of MSCs can be affected by a broad 
spectrum of their surface nuclear receptors 
such as the receptors of TOLL-like, 
adenosine, calcitriol, retinoic acid, and 
steroid nuclear receptors [1,5,14-16]. 
Therefore, interventions such as the use of 
agonists or antagonists of these receptors 
may be effective in altering the 
immunomodulatory function of MSCs. 
Second to caffeine, nicotine is the most 
widely used pharmacological substance 
consumed by a wide range of people. 
Nicotine alkaloid is one of the main 
stimulants of cholinergic nicotine receptors. 
Both choline acetyltransferase and 
acetylcholinesterase enzymes and also 
acetylcholine are expressed on in MSC 
population. Moreover, MSCs represent the 
nicotinic acetylcholine receptor subunits α3, 
α5, β2, β4, and α7 [17, 18]. Nicotine 
alkaloid is a well-known prototypic ligand 
for the nicotinic parasympathetic receptor. 
This alkaloid is found in high levels in 
tobacco leaves and in small amounts in 
other plants such as the Solanaceae family 
[14]. Of note, unlike cigarettes, nicotine 
itself has beneficial immune-regulating 
effects on some autoimmune disorders such 
as rheumatoid arthritis and the animal 
model of multiple sclerosis [19, 20]. 
Stimulation of MSCs with the nicotinic 
receptor agonist like nicotine promotes 




 [18]. Recent studies have demonstrated that 
nicotine treatment, in addition to altering 
the proliferation and differentiation of 
MSCs, causes profound changes in the 
function of neutrophils directly adjacent to 
them or neutrophils treated with the 
conditioned medium produced by these 
MSCs[14, 21].Therefore, in vitro 
stimulation of nicotine receptors appears to 
alter the interaction of stem cells with 
adjacent immunocytes such as neutrophils. 
However, there is no information about the 
probable altered immune responses in a 
recipient after receiving a nicotine-pulsed 
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conditioned medium of un-pulsed MSCs. 
Thus, the present study was conducted to 
assess the effects of nicotine- pulsed MSCS 
in the function of neutrophils, macrophages, 
and lymphocytes of C57bl/6 mice receiving 
these cells. 
 
2.Materials and Methods 
Enzyme-linked immunosorbent assay 
(ELISA) kits (Cat. Number# 900-TM98, 
900-TM49, 900-M47 and 900-TM54) were 
obtained from PeproTech EC, Ltd. 
(London, UK). The RNX-Plus solution for 
RNA isolation was procured from Sinaclon 
(Tehran, Iran). SYBR Premix ex Taq II 
(Cat. Number#AGY1013N) and cDNA 
reverse transcription kits (Cat. 
Number#RR037A) were purchased from 
TAKARA (China). The monoclonal 
antibodies required for flow cytometry were 
purchased from abcam. Nicotine (Cat. 
Number#N3876) and other reagents were 
prepared from Sigma-Aldrich Corporation 
(St. Louis, MO, USA). 
Conditioned medium of MSC production 
and immunoregulatory assessment: 
In brief, the femurs and tibias of male 
C57bl/6 mice were dissected and the 
marrow was flushed into a 15ml tube. The 
isolated cells were suspended in low-
glucose Dulbecco's Modified Eagle's 
medium (DMEM, Cat. Number# D0819) 
and centrifuged at 1200 rpm for 5 min. The 
cells were seeded in T75flasks in low-
glucose DMEM containing 15% fetal 
bovine serum (FBS). The cells were 
incubated in humidified 5% CO2 at 37°C. 
The non-adherent cells of the flasks were 
discarded three days later. When adherent 
cells reached an about 90% confluence, the 
cells were isolated with trypsin/EDTA, 






MSCs at passage 3 were seeded in the 
T75flask and pulsed with different doses of 
nicotine (0, .1, .5, or 1 µM) until the cells 
reached 90% confluency. Afterwards, cells 
were rinsed twice and cultured in serum-
free DMEM for 24 h. The conditioned 
media were collected, centrifuged at 12000g 
for 15 min, and filtered through a 0.22µm 
membrane. The average MSC count 
following the removal of the conditioned 
medium was 2.8 × 10
6
 cells. 
The secretion of IL-10 and TGF-β was 
monitored in the in aliquots from the MSC-
conditioned medium by using commercial 
ELISA kits. The biological activity of 
indoleamine 2, 3-dioxygenase (IDO) was 
estimated as previously described. One part 
of 30% trichloroacetic acid was added with 
two parts of the conditioned medium, 
vortexed, and centrifuged for 5 min. Then, 
the supernatant was mixed with an equal 
volume of Ehrlich reagent (1mg p-dimethyl 
benzaldehyde in 5 µl glacial acetic acid) in 
a 96-well flat-bottomed plate, and the 
absorbance was recorded at 492 nm[22]. 
To monitor the effect of nicotine on the 
MSC immunophenotype, MSCs at passage 
3 were isolated, washed, and stained with a 
fluorescently labeled monoclonal antibody 
against mouse CD45 (APC Anti-CD45 
antibody [104] (ab210182)),CD44(FITC 
Anti-CD44 antibody [KM201] (ab25064)), 
and CD29 (PE/Cy7
®
 Anti-Integrin beta 1 
antibody [HMb1-1] (ab95622)) as described 
above(23). The stained MSCs were 
evaluated immediately on a FACS Calibur- 
flowcytometer (BD Biosciences, San Diego, 
CA) and Cyflogic software (CyFlo Ltd.). 
Moreover, the metabolic activity and 
vitality of MSCs were evaluated by the 
MTT (3-(4, 5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) colorimetric 
assay, as previously described[14]. 
Animal experiments: 
Male C57bl/6mice aged 6-8 weeks were 
obtained from the Pasteur Institute of Iran. 
Animal procedures were set out in 
accordance with the Ethics Committee of 
the Faculty of Veterinary Medicine of 
Urmia University, Urmia, Iran. The mice 
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(22±2˚C) with a 12-hour light/dark cycle 
and had access to water and food ad libitum. 
After the time required for the mice to adapt 
to the conditions, the C57BL/6 mice were 
randomly allocated to three equal groups 
(n=7) and intravenously received 400 µL of 
the conditioned medium of MScs (CM), 
conditioned medium of nicotine (.5 µM)-
pulsed MSCs (CMN), or Dulbecco's 
Modified Eagles Medium alone. It is worth 
noting that the least effective dose 
concentration of nicotine that led to potent 
anti-inflammatory benefits in the MSCs was 
.5 µM and was, therefore, selected for in 
vivo investigation. After 12 h, the 
lymphocytes, neutrophils, and peritoneal 
macrophage of the mice were isolated under 
deep anesthesia, and their function was 
evaluated ex vivo. 
Neutrophil isolation and function 
assessment 
Neutrophils were isolated from the 
heparinized cardiac puncture blood of 
deeply anesthetized C57bl/6 mice. Briefly, 
the samples were centrifuged, and the buffy 
coat was subjected to dextran sedimentation 
(1%, w/v) to remove the RBCs. 
Subsequently, the cells were centrifuged on 
a Ficoll–Hypaque density gradient. The 
mononuclear cell layer and plasma were 
removed. The remnant RBCs were removed 
via the ACK-RBC lysis buffer. The isolated 
neutrophils were washed twice and 
suspended in DMEM containing 10% heat-
inactivated FBS [21]. The viability of the 
isolated neutrophils evaluated by trypan 
blue exclusion was never <95%.To monitor 
the vitality of neutrophils, a neutrophil 
suspension was added to each well of 96-
well microplates (4×10
4
/well) and pulsed 
with 20μl of the neutral red (NR) solution 
(3.3mg/ml) for 2 h at 37°C. The medium 
was carefully eliminated and the neutrophils 
were rinsed three times to delete un-
endocytosed dye. The incorporated dye was 
then extracted by 200 μl of lysing buffer 
(1% acetic acid in 50% ethanol) and 
quantitated at 540 nm [21]. 
Neutrophils were also cultured with 1 mM 
of N-formylmethionyl-leucyl-phenylalanine 
(f-MLP) and .1% Nitroblue tetrazolium 
(NBT) dye. The unincorporated NBT was 
removed by washing in triplicate, and the 
reduced dye was solubilized in dioxane. The 
optical density was recorded at 520 nm. 
Moreover, neutrophils were incubated with 
1 mM of f-MLP for 2 h, and nitric oxide 
production was monitored in the 
supernatant of the culture media [14]. 
Isolation of peritoneal macrophages and 
evaluation of their function: 
5 ml of ice-cold PBS was injected into the 
peritoneal cavity of euthanized C57bl/6 
mice. To dislodge the attached cells, the 
peritoneum of each mouse was gently 
massaged. The peritoneal fluid was 
collected and centrifuged at 1500 rpm for 
10 min at 4˚C. To remove non-adherent 
cells, 1 × 10
6
 cells are added to 48-well 
tissue culture plates and incubated for 2 h at 
37˚C in a moist atmosphere of 5% CO2. The 
non-adherent cells were remove by washing 
in triplicate with ice-cold PBS[6]. 
To assess the vitality of the macrophages, 
each well was pulsed with 40 μl of the NR 
solution (3.3 mg/ml) at 37°C. After 4 h, the 
medium was carefully removed and the 
cells were rinsed three times to remove the 
un-internalized dye. The incorporated dye 
was then solubilized by 400 μl of the lysing 
buffer (1% acetic acid in 50% ethanol) and 
the optical density at 540 nm was 
recorded[24]. 
To evaluate the respiratory burst of the 
macrophages, the cells were cultured for 20 
min with .1% NBT and 100 ng/ml 
tetradecanoylphorbol acetate. The unused 
dyewas removed by washing in triplicate 
and the reduced NBT dye was solubilized in 
dioxin.The optical density was recorded at 
520 nm[6, 25]. 
To monitor nitric oxide production by 
macrophages, the cells were pulsed with 
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oxide production was monitored by the 
Griess method after 24 h[25]. 
Evaluation of splenic lymphocyte 
function  
To evaluate the lymphocyte proliferation 
index, the spleens were aseptically 
removed, crushed, and elapsed through a 
filter with a size of 20 µL to prepare a 
single-cell suspension. The cells were 
incubated in 96-well flat-bottomed plates 
(1×10
5
 cells/100 μl/well) and pulsed with 
phytohemagglutinin (PHA, 5 μg/ml) or the 
medium alone. After 4 h, each well was 
pulsed with 50 μl of the MTT solution 
(5mg/ml) for 4 h at 37°C. Then, 400μl of 
DMSO was added and shaken to solve the 
formazan crystals. The optical density at 
550 nm was recorded. The results were 
reported as the ratio of the absorbance of 
stimulated splenocytes with PHA to OD550 
of non-stimulated cells[6, 26]. 
Moreover, the splenocytes suspension 
(2×10
6
/ml) was cultured in T75flasks and 
pulsed with phytohemagglutinin (PHA, 5 
μg/ml) for 72 h. To monitor the expression 
of IFN-γ, and IL-4 total RNA from the 
splenocytes was extracted by using the 
RNX-Plus solution according to the 
manufacturer's guidelines and used to 
synthesize complementary DNA. PCR 
amplification was run in triplicate by an 
SYBR Green kit according to the 
manufacturer's guidelines[6].The reference 
gene was the HPRT gene. Forward and 
reverse primers for mRNA amplification are 
given in Table 1. The findings are presented 
as 2
-ΔΔCt 
(mean fold change). 
Statistical Analysis 
The normal distribution of the data was 
determined by the Shapiro-Wilk test. The 
findings were analyzed through one-way 
analysis of variance (ANOVA) and Tukey's 
post hoc test, expressed as means±SD. The 
level of significance was assumed at P 
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3. Results 
In vitro results 
Surface marker analysis demonstrated that 
third passage of MSCs or nicotine-pulsed 
MSCs were negative for CD45 expression 
but positive for CD44 and CD29 (Figure 1). 
More importantly, there was no statistical 
discrepancy between the MSCs or nicotine-
primed MSCs in terms of expressing the 
pattern of the above marker (Figure 1).
Figure 1.  Analysis of surface marker and vitality of MSCs. MSCs at passage 3 were pulsed with different doses of 
nicotine (0, 0.1, 0.5, or 1 µM) until the cells reached 90% confluency asdetailed under Materials and Methods.CD45, 
CD44 and CD29 markers were used to prove the correct isolation of mesenchymal stem cells in the third passage. Since 
the CD45 marker is expressed on the surface of leukocytes, it was absent. On the other hand, there was no discrepancy in 
the expression of the CD45, CD44, and CD29 and vitality between the MSCs or nicotine-pulsed MSCs.The MTT assay is 
applied to evaluate mitochondrial metabolic activity as an indicator of cell vitality and functional ability. As shown in 
Figure 1, nicotine at all used concentrationscould not alter the proliferation rate of MSCs compared to MSCs without 
treatment Datawere presented as mean ± S.D. (Different letters indicate a significant difference at the level of P<0.05).
 
The MTT assay is applied to evaluate 
mitochondrial metabolic activity as an 
indicator of cell vitality and functional 
ability. As shown in Figure 1, nicotine at 
every used concentration could not alter the 
proliferation rate of MSCs compared to 
MSCs without treatment (Figure 1). 
The secretion of immunoregulatory 
mediators by MSCs incubated with 0, .1, .5, 
or 1µM nicotine was monitored by 
determining TGF-β, IL-10, and IDO levels 




Produced significantly higher levels of IDO 
and TGF-β levels when cultured with .5µM 
nicotine in comparison with the other 
groups (Figure 2). IL-10 production was 
significantly higher when MSCs were 
pulsed with .1µM and .5µM nicotine 
compared to 0µM and1µM nicotine (Figure 
2). The production of TGF-β and IL-10 by 
MSCs was significantly reduced when 
MSCs were cultured with 1µM nicotine in 
comparison with the other groups. The 
concentration of IDO in the supernatant 
isolated from MSCs treated with 1µM 
nicotine reached the concentration produced 
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Figure 2.  Assessment of the secretion of immunoregulatory mediators by MSCs. Passage 3 of MSCs were incubated 
with different doses of nicotine (0, 0.1, 0.5, or 1 µM)until the cells reached 90% confluency asdescribed under Materials 




Overall, the most appropriate concentration 
of nicotine that created the best anti-
inflammatory environment in mesenchymal 
stem cell secretions was .5 µM. Therefore, 
the conditioned medium of MSCs treated 
with .5 µM nicotine concentration was used 
for in vivo examination. 
 
Ex vivo results 
T lymphocytes isolated from the mice 
receiving CM or CMN showed a significant 
decrease in proliferation after stimulation by 
phytohemagglutinin. However, receiving 
CMN significantly lowered lymphocyte 
proliferation in splenocytes compared to the 
othergroups(Figure3).    
Figure 3.  Evaluation of splenic lymphocyte function after co-culture withconditioned medium of MSCs (CM), 
conditioned medium of nicotine (0.5 µM)-pulsed MSCs (CMN). The findings were reported as mean ± S.D. (Different 
letters indicate a significant difference at the level of P<0.05).
 
As shown in Figure 3, intraperitoneal 
injection of CM or CMN caused a 
remarkable decrease in the mRNA 
expression of IFN-γ and a significant  
 
increase in IL-4in the splenocytes after 
stimulation by phytohemagglutinin. The 
results revealed that the highest decrease in 
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the group receiving the CMN compared to 
other groups. Figure 3 also demonstrates 
that there was no significant difference 
between the production potential of IL-4 
between mice receiving the CMN or CM. 
More importantly, the ratio of IFN-γ gene 
expression to IL-4 gene expression in 
splenocytes was significantly reduced in the 
mice that received CMN compared to the 
mice that received CM (Figure 3). 
According to Figure 4, receiving the 
untreated conditioned medium was not 
effective in altering the function of 
peritoneal macrophages (neutral red uptake, 
respiratory burst, and nitric oxide 
production). Nevertheless, the neutral red 
uptake, respiratory burst, and nitric oxide 
production of peritoneal macrophage 
significantly decreased in mice treated with 
 CMN(Figure4). 
 
Figure 4.Assessment of macrophage functions after co-culture with conditioned medium of MSCs (CM) and conditioned 
medium of nicotine (0.5 µM)-pulsed MSCs (CMN) has been shown by Nutral Red uptake, Respiratory Burst ability and 
nitric oxide production test.Data were shown as mean ± S.D. (Different letters indicate a significant difference at the level 
of P<0.05).
 
As for the neutrophils, the results were 
somewhat different (Figure 5). The neutral 
red uptake, respiratory burst, and nitric  
 
oxide production of neutrophils declined in 
both mice receiving CM or CMN. However, 
these decreases were more prominent in the 
mice treated with CMN (Figure 5).
 
Figure 5. Evaluation of neutrophil functions after co-culture with conditioned medium of MSCs (CM), conditioned 
medium of nicotine (0.5 µM)-pulsed MSCs (CMN). Results were shown as mean ± S.D. (Different letters indicate a 
significant difference at the level of P<0.05).
  
4. Discussion 
Cell therapy with MSCs has some 
limitations. For instance, the efficacy of 
implanted MSCs is highly dependent on 
environmental inflammatory conditions. It 
also carries the risk of transmitting 
retroviruses. This is while the conditioned 
media can be easily commercialized and 
turned into a drug-like product since they 
lack cells. Therefore, the use of conditioned 
environment and strengthening its 
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alternative to cell therapy which was used in 
this study [6, 27]. 
It is well-acknowledged that the cholinergic 
anti-inflammatory pathway through 
stimulation of α7 nicotinic acetylcholine 
receptor regulates immune responses[28]. 
Accordingly, nicotine can lower pro-
inflammatory cytokine production, T cell 
activation, and antibody response[29]. 
MSCs can respond to nicotine as well as 
immune cells[14, 21], but the specific 
means whereby nicotine regulates the 
immunomodulatory benefits of MSCs need 
further elucidation. The present study was 
designed for this purpose. 
Previous data have indicated that nicotine 
causes instant and temporary enchantment 
in the intracellular Ca
2+
 concentration and 
phosphorylation of the extracellular signal-
regulated kinases 1 and 2 in the MSC 
population [17]. The intracellular increase 
in calcium changes the proliferation, 
cytoskeletal rearrangement, and 
differentiation of MSCs[30]. Our results 
showed that the immunophenotype markers 
of MSCs remained mostly similar among 
groups. Previous studies have examined the 
effect of nicotine on mesenchymal stem cell 
proliferation and differentiation. It has been 
realized that rat MSCs exposed to 25, 50, 
and 100µM nicotine experienced a dose-
dependent reduction in COL2A1 and 
ACAN gene expression and chondrogenic 
induction after four weeks compared to 
untreated MSCs[31]. An in vitro study 
about human MSCs showed that nicotine at 
physiological concentrations (.1 to 1 µM) 
had minimal effects on chondrogenic 
induction, whereas 10 µM nicotine inhibited 
chondrogenic induction [32]. Shen et al. 
reported that human MSCs treated with 50–
100 nM nicotine for seven days had a 
significant rise in the cell number; 
nevertheless, nicotine at 1 µM significantly 
reduced cell proliferation [33]. On the other 
hand, it has been observed that human 
umbilical cord blood cells pulsed with 3–
9mM nicotine have dose-dependent 
increases in apoptosis [32, 34]. Significant 
reductions in proliferation have also been 
reported after the exposure of MSCs to a 
concentration of 0.1–10µM nicotine [32]. 
The data in our study showed that after 48 h 
of exposure, nicotine at all concentrations 
could not alter the proliferation rate of 
MSCs.  
A recent in vitro study also suggested that 
nicotine can alter MSCs' immunoregulatory 
properties. Accordingly, the viability and 
phagocytic activity of neutrophils co-
cultured with nicotine-primed MSCs 
significantly increased compared to 
untreated MSCs. Yet, MSCs primed with 
1µM nicotine reduced the respiratory burst 
of co-cultured neutrophils, triggered by 
opsonized yeast [21]. CM-MSCs can be 
therapeutically administered because of 
their potent immunomodulatory properties, 
similarly to MSCs. Soluble factors such as 
indoleamine 2,3-dioxygenase (IDO), TGF-
β, and IL-10[23, 35]. IDO production by 
MSCs promotes the discharge of 
tryptophan, which is an indispensable 
amino acid for lymphocyte proliferation 
[23]. TGF-β and IL-10 cytokines are among 
the most famous cytokines that maintain 
homeostasis during immune responses[36]. 
TGF-β and IL-10 also mediate T 
lymphocyte suppression by MSCs[23]. The 
results of this study indicated that MSCs 
pulsed with .5µM nicotine secreted 
significantly higher levels of IDO and TGF-
β compared to other groups. The highest 
level of IL-10 was observed in the 
conditioned medium of MSCs pulsed with 
.1µM and .5µM nicotine. However, a 
concentration of 1µM of nicotine interfered 
with MSCs' regulatory functions.  
It was also shown that 24 hours after 
nicotine injection, the expression level of 
TGF-β is greatly raised, which in turn 
causes the cells to polarize towards Treg. 
High values also rise with increase in 
nicotine concentration from .1mμ to 
1mμ[37] Nicotine appears to play this role 




Archives of Advances in Biosciencesis an open access article under the terms of the Creative Commons Attribution -NonCommercial 4.0 International License,  
10 
 
Immune responses after receiving nicotine-pulsed MSCs, Abtahi Froushani S.M.et al. 
 
inhibit the secretion of many cytokines. 
Many studies have shown that innate 
immune system receptors such as TLR2 and 
TLR4 and NOD receptors are significantly 
reduced in smokers. They are also reported 
to alter the secretion of cytokines IL6, IL8, 
TNF-α, IL10 and the chemokines CCL-2, 
CCL-5, CXCL9 and CXCL10[38].Nicotine 
α7 receptor appears to be expressed on 
TCD4 + lymphocytes and stimulation with 
nicotine in these receptors reduces T 
proliferation and activation of T 
lymphocytes. All of these events lower the 
secretion of IL-17, IL-17F, IL-21, and IL-22 
cytokines. Increased polarization toward 
Th2 also increases IL-4 production. 
Decreased T.bet expression and increased 
GATA-3 expression suppress Th1 and Th17 
more. T lymphocytes with α7 -/- marker are 
not affected by nicotine. There is a 
hypothesis that repeated administration of 
nicotine may also cause a state of 
unresponsiveness and tolerance in the 
immune system[39].Therefore, based on in 
vitro results, the least effective dose 
concentration of nicotine leading to an anti-
inflammatory environment by the MSC-
conditioned medium was .5 µM. 
Then, for the first time, we compared the in 
vivo immunomodulatory effects of the 
conditioned medium isolated from nicotine-
treated MSCs at a .5 µM concentration with 
the conditioned medium isolated from 
untreated MSCs. The suppressive effect of 
MSCs or their conditioned medium on 
lymphocyte proliferation in various models 
of autoimmune and inflammatory diseases 
has been reported in scientific sources[23]. 
Our results also indicated that T 
lymphocytes isolated from mice receiving 
CMN significantly lowered the proliferation 
index after stimulation by 
phytohemagglutinin compared to T 
lymphocytes isolated from mice receiving 
CM. Furthermore, the ratio of IFN-γ gene 
expression to IL-4 gene expression in 
splenocytes was significantly reduced in the 
mice receiving CMN compared to those 
receiving CM. Besides assessing the role of 
CMN on the proliferation of T lymphocytes, 
the production of IL-4 and IFN-γ by 
phytohemagglutinin-stimulated 
lymphocytes was assessed.IL-4 represents 
type II immune responses and IFN-γ 
represents type I responses. In brief, type I 
immunity is protective against most 
infections and for perpetuating auto-
inflammatory and autoimmune responses, 
while type II responses protect against 
worm parasites and help eliminate cell-
mediated inflammation[40]. Of course, if an 
immunopathological condition is caused by 
the polarization of one side of one of these 
types of immune responses, a change in the 
type of polarization will ameliorate the 
destructive effects of the disease. The 
polarization of immune responses to type II 
responses after treatment with MSCs or 
their conditioned medium has been shown 
in auto-immune and auto-inflammatory 
models [41, 42]. More importantly, our 
results demonstrated a more potent 
polarization of immune responses toward 
type II responses in mice receiving CMN 
compared to those receiving CM. 
To define the in vivo effect of CM or CMN 
on innate immunity responses, neutrophils 
and macrophages were isolated from the 
mice receiving CM or CMN. Neutral red is 
a cationic dye that is endocytosed 
depending on the activity level of the 
membrane part of neutrophil and 
macrophage cells and stored in the 
lysosomal fraction of these cells [14, 21]. In 
other words, when these cells are stimulated 
by environmental factors such as immune 
complexes, their rate of neutral dye uptake 
will increase [21]. The increased 
endocytotic activity of innate immune cells 
has been observed in immunopathological 
conditions[43]. To eliminate the invaders, 
neutrophils and macrophages own or 
generate a variety of cytotoxic mediators, 
including numerous proteases, reactive 
oxygen species (ROS), and reactive 
nitrogen substances (e.g., nitric oxide)[14, 
21]. Chakkarwar (2011) reported that 
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production. The presence of a nicotine 
inhibitor such as Fenofibrate eliminates the 
effects of nicotine in inhibiting NO 
production. The presence of nicotine in the 
vicinity of cells reduces the effects of 
phagocytosis and respiratory explosion and 
causes immunosuppressive and anti-
inflammatory effects[44] In the case of 
neutral test(NR), nicotine has been shown to 
be more effective than similar compounds 
and nicotine derivatives such as caffeine, 
niacinamide and nicotinic acid in most cell 
lines to reduce the rate of neutral cation 
depletion and cell inhibition[45] 
In MTT test, no significant difference was 
observed between different groups treated 
with supernatant of mesenchymal stem cells 
with nicotine and without nicotine and also 
between control groups. The reason seems 
to lie in the concentration of nicotine. As 
stated, the effects of nicotine proliferation 
and survival are not observed at 
concentrations below 100 μm. In fact, cell 
viability remains intact at concentrations 
below 100 μm nicotine[46]. Some studies 
suggest that higher concentrations of 
nicotine are required to induce apoptosis 
and cell death in different cell lines. These 
studies show that concentrations higher than 
6 μm are required to observe the effect of 
nicotine on cell growth and 
proliferation[47] and another interesting 
study indicated that concentrations around 1 
μm can also increase growth and 
proliferation[48]. 
Nevertheless, in many immunopathological 
conditions, the exaggerated production of 
these mediators causes extensive tissue 
damage [21]. Reduced production of ROS 
and nitrogen mediators, especially by 
neutrophils, has been shown in vitro or in 
vivo by receiving stem cells or their 
conditioned medium[49]. The NBT 
reduction assay is performed to monitor 
ROS production after induction of 
respiratory burst [21]. The grease test is also 
a known test to evaluate the production 
capacity of nitric oxide[50].According to 
the results of this study, it seems that 
receiving conditioned medium from 
untreated MSCs does not change the ex vivo 
functions of peritoneal macrophages. The 
neutral red uptake, respiratory burst, and 
nitric oxide production of peritoneal 
macrophage were only lowered in the mice 
treated with CMN. However, the neutral red 
uptake, respiratory burst, and nitric oxide 
production of neutrophils were decreased in 
both mice receiving CM or CMN. However, 
these reductions were more prominent in 
the mice treated with CMN. All these data 
indicate a profound effect of nicotine in 
strengthening the immunomodulatory 
potential of the conditioned medium of 
MSCs. 
Taken together, these findings indicated for 
the first time that the treatment of MSCs by 
nicotine can be a promising strategy to 
increase the immunomodulatory properties 
of these cells. Based on in vitro results, the 
least effective dose concentration of 
nicotine leading to an anti-inflammatory 
environment by the MSC-conditioned 
medium was .5 µM. Nicotine at this 
concentration prompted a higher level of 
TGF-β, IDO concentration in the 
conditioned medium compared to the other 
treatments. However, this concentration did 
not affect the MScs' markers expressions or 
MScs' vitality. Based on ex vivo results, the 
T lymphocytes isolated from the mice 
receiving nicotine (.5 µM)-pulsed MSCs 
(CMN) showed a significant decrease in 
proliferation after stimulation by 
phytohemagglutinin. Moreover, the ratio of 
the IFN-γ gene expression to IL-4 gene 
expression in splenocytes was significantly 
reduced in the mice receiving CMN 
compared to the mice receiving CM. The 
neutral red uptake, respiratory burst, and 
nitric oxide production of the peritoneal 
macrophage were only lowered in the mice 
treated with CMN. The neutral red uptake, 
respiratory burst, and nitric oxide 
production of neutrophils decreased in both 
mice receiving CM or CMN. However, 
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mice treated with CMN. These results can 
offer a novel insight into the potential 
mechanisms underlying the 
immunoregulatory effects of nicotine 
although these findings are preliminary and 
further research with another source of 
MSCs or in vivo models seems necessary. 
 
Acknowledgments 
We would like to thank all the staff of 
faculty of veterinary medicine for their kind 
help.
Ethical approval 
Ethics code and its issuing reference should 
be mentioned. 
 
Conflict of interest 





1. Mansouri Motlagh B, Afzale 
Ahangaran N, Abtahi Froushani SM. Calcitriol 
modulates the effects of bone marrow-derived 
mesenchymal stem cells on macrophage 
functions. Iranian journal of basic medical 
sciences. 2015;18(7):672-6. 
2. Ryu JS, Jeong EJ, Kim JY, Park SJ, Ju 
WS, Kim CH, et al. Application of 
Mesenchymal Stem Cells in Inflammatory and 
Fibrotic Diseases. Int J Mol Sci. 2020;21(21). 
3. Joseph A, Baiju I, Bhat IA, Pandey S, 
Bharti M, Verma M, et al. Mesenchymal stem 
cell-conditioned media: A novel alternative of 
stem cell therapy for quality wound healing. J 
Cell Physiol. 2020;235(7-8):5555-69. 
4. Esmaili Gourvarchin Galeh H, Meysam 
Abtahi Froushani S, Afzale Ahangaran N, 
Hadai SN. Effects of Educated Monocytes with 
Xenogeneic Mesenchymal Stem Cell-Derived 
Conditioned Medium in a Mouse Model of 
Chronic Asthma. Immunological investigations. 
2018;47(5):504-20. 
5. Abtahi Froushani SM, Mashhouri S. 
The Effect of Mesenchymal Stem Cells Pulsed 
with 17 Beta-Estradiol in an Ameliorating Rat 
Model of Ulcerative Colitis. Zahedan J Res 
Med Sci. 2019;21(4):e83762. 
6. Shushtari N, Abtahi Froushani SM. 
Caffeine Augments The Instruction of Anti-
Inflammatory Macrophages by The Conditioned 
Medium of Mesenchymal Stem Cells. Cell 
journal. 2017;19(3):415-24. 
7. Abbasi A, Froushani SMA, Delirezh N, 
Mostafaei A. Caffeine alters the effects of bone 
marrow-derived mesenchymal stem cells on  
 
neutrophils. Advances in clinical and 
experimental medicine : official organ Wroclaw 
Medical University. 2018;27(4):463-8. 
8. Eiro N, Cabrera JR, Fraile M, Costa L, 
Vizoso FJ. The Coronavirus Pandemic (SARS-
CoV-2): New Problems Demand New 
Solutions, the Alternative of Mesenchymal 
(Stem) Stromal Cells. Frontiers in Cell and 
Developmental Biology. 2020;8(645). 
9. Bari E, Ferrarotti I, Saracino L, 
Perteghella S, Torre ML, Corsico AG. 
Mesenchymal Stromal Cell Secretome for 
Severe COVID-19 Infections: Premises for the 
Therapeutic Use. Cells. 2020;9(4). 
10. Heidari Barchi Nezhad R, Asadi F, 
Abtahi Froushani SM, Hassanshahi G, Kaeidi 
A, Khanamani Falahati-Pour S, et al. The 
effects of transplanted mesenchymal stem cells 
treated with 17-b estradiol on experimental 
autoimmune encephalomyelitis. Molecular 
biology reports. 2019. 
11. Froushani SMA. Adherent or non-
adherent mesenchymal stem cell; which one is 
more applicable for clinical study? Journal of 
Stem Cell Research & Therapeutics. 2016;1. 
12. Herberts CA, Kwa MSG, Hermsen 
HPH. Risk factors in the development of stem 
cell therapy. Journal of translational medicine. 
2011;9:29-. 
13. Dabrowska S, Andrzejewska A, 
Janowski M, Lukomska B. Immunomodulatory 
and Regenerative Effects of Mesenchymal Stem 
Cells and Extracellular Vesicles: Therapeutic 
Outlook for Inflammatory and Degenerative 





Archives of Advances in Biosciencesis an open access article under the terms of the Creative Commons Attribution -NonCommercial 4.0 International License,  
13 
 
Immune responses after receiving nicotine-pulsed MSCs, Abtahi Froushani S.M.et al. 
 
14. Abbasi A, Kukia NR, Froushani SMA, 
Hashemi SM. Nicotine and caffeine alter the 
effects of the LPS- primed mesenchymal stem 
cells on the co-cultured neutrophils. Life 
sciences. 2018;199:41-7. 
15. Carluccio M, Ziberi S, Zuccarini M, 
Giuliani P, Caciagli F, Di Iorio P, et al. Adult 
mesenchymal stem cells: is there a role for 
purine receptors in their osteogenic 
differentiation? Purinergic Signal. 
2020;16(3):263-87. 
16. Jacob RS, Das S, Ghosh D, Maji SK. 
Influence of retinoic acid on mesenchymal stem 
cell differentiation in amyloid hydrogels. Data 
Brief. 2015;5:954-8. 
17. Hoogduijn MJ, Cheng A, Genever PG. 
Functional nicotinic and muscarinic receptors 
on mesenchymal stem cells. Stem Cells Dev. 
2009;18(1):103-12. 
18. Schraufstatter IU, DiScipio RG, 
Khaldoyanidi SK. Alpha 7 subunit of nAChR 
regulates migration of human mesenchymal 
stem cells. J Stem Cells. 2009;4(4):203-15. 
19. Golbahari S, Abtahi Froushani SM. 
Synergistic benefits of Nicotine and Thymol in 
alleviating experimental rheumatoid arthritis. 
Life sciences. 2019;239:117037. 
20. Khezri S, Abtahi Froushani SM, 
Shahmoradi M. Nicotine Augments the 
Beneficial Effects of Mesenchymal Stem Cell-
based Therapy in Rat Model of Multiple 
Sclerosis. Immunological investigations. 
2018;47(2):113-24. 
21. Pourtayeb S, Abtahi Froushani SM. 
Nicotine can modulate the effects of the 
mesenchymal stem cells on neutrophils. 
Advances in medical sciences. 2017;62(1):165-
70. 
22. Moases Ghaffary E, Abtahi Froushani 
SM. Immunomodulatory benefits of 
mesenchymal stem cells treated with Caffeine 
in adjuvant-induced arthritis. Life sciences. 
2020;246:117420. 
23. Hashemi SM, Hassan ZM, 
Pourfathollah AA, Soudi S, Shafiee A, 
Soleimani M. Comparative immunomodulatory 
properties of adipose-derived mesenchymal 
stem cells conditioned media from BALB/c, 
C57BL/6, and DBA mouse strains. Journal of 
cellular biochemistry. 2013;114(4):955-65. 
24. Davies PJ, Murtaugh MP, Moore WT, 
Jr., Johnson GS, Lucas D. Retinoic acid-
induced expression of tissue transglutaminase in 
human promyelocytic leukemia (HL-60) cells. J 
Biol Chem. 1985;260(8):5166-74. 
25. Motlagh BM, Ahangaran NA, 
Froushani SM. Calcitriol modulates the effects 
of bone marrow-derived mesenchymal stem 
cells on macrophage functions. Iranian journal 
of basic medical sciences. 2015;18(7):672-6. 
26. Abtahi Froushani SM, Delirezh N, 
Hobbenaghi R, Mosayebi G. Synergistic effects 
of atorvastatin and all-trans retinoic acid in 
ameliorating animal model of multiple sclerosis. 
Immunological investigations. 2014;43(1):54-
68. 
27. Abtahi Froushani SM, Abbasi A. 
Conditioned Medium of Mesenchymal Stem 
Cells Pulsed with Theobromine Can Instruct 
Anti-Inflammatory Neutrophils. Zahedan J Res 
Med Sci. 2020;22(2):e86967. 
28. Andersson U. The cholinergic anti-
inflammatory pathway alleviates acute lung 
injury. Mol Med. 2020;26(1):64. 
29. Piao W-H, Campagnolo D, Dayao C, 
Lukas RJ, Wu J, Shi F-D. Nicotine and 
inflammatory neurological disorders. Acta 
Pharmacologica Sinica. 2009;30(6):715-22. 
30. Chu M-S, Chang C-F, Yang C-C, Bau 
Y-C, Ho LL-T, Hung S-C. Signalling pathway 
in the induction of neurite outgrowth in human 
mesenchymal stem cells. Cellular Signalling. 
2006;18(4):519-30. 
31. Deng Y, Li TQ, Yan YE, Magdalou J, 
Wang H, Chen LB. Effect of nicotine on 
chondrogenic differentiation of rat bone marrow 
mesenchymal stem cells in alginate bead 
culture. Biomed Mater Eng. 2012;22(1-3):81-7. 
32. Greenberg JM, Carballosa CM, Cheung 
HS. Concise Review: The Deleterious Effects of 
Cigarette Smoking and Nicotine Usage and 
Mesenchymal Stem Cell Function and 
Implications for Cell-Based Therapies. Stem 
Cells Transl Med. 2017;6(9):1815-21. 
33. Shen Y, Liu HX, Ying XZ, Yang SZ, 
Nie PF, Cheng SW, et al. Dose-dependent 
effects of nicotine on proliferation and 
differentiation of human bone marrow stromal 
cells and the antagonistic action of vitamin C. 
Journal of cellular biochemistry. 
2013;114(8):1720-8. 
34. Zeng HL, Qin YL, Chen HZ, Bu QQ, 
Li Y, Zhong Q, et al. Effects of nicotine on 
proliferation and survival in human umbilical 





Archives of Advances in Biosciencesis an open access article under the terms of the Creative Commons Attribution -NonCommercial 4.0 International License,  
14 
 
Immune responses after receiving nicotine-pulsed MSCs, Abtahi Froushani S.M.et al. 
 
35. Sineh Sepehr K, Razavi A, Hassan ZM, 
Fazel A, Abdollahpour-Alitappeh M, 
Mossahebi-Mohammadi M, et al. Comparative 
immunomodulatory properties of mesenchymal 
stem cells derived from human breast tumor and 
normal breast adipose tissue. Cancer Immunol 
Immunother. 2020;69(9):1841-54. 
36. Shevach EM, Thornton AM. tTregs, 
pTregs, and iTregs: similarities and differences. 
Immunol Rev. 2014;259(1):88-102. 
37. Bai X, Stitzel, J. A. B, A. Z, C. A. P, M. 
M, P, & Chan ED. Nicotine Impairs 
Macrophage Control of Mycobacterium 
tuberculosis. American Journal of Respiratory 
cells and molecular Biology. 2017;57(3):324-
33. 
38. Valdez-Miramontes CE, Martínez LAT, 
Torres-Juárez F, Carlos AR, Marin-Luévano 
SP, Haro-Acosta JPd, et al. Nicotine modulates 
molecules of the innate immune response in 
epithelial cells and macrophages during 
infection with M. tuberculosis. 2020. 
39. Nizri E, Irony-Tur-Sinai M, Lory O, 
Orr-Urtreger A, Lavi E, Brenner T. Activation 
of the Cholinergic Anti-Inflammatory System 
by Nicotine Attenuates Neuroinflammation via 
Suppression of Th1 and Th17 Responses. J 
Immunol. 209;183:6681-8. 
40. Wynn TA. Type 2 cytokines: 
mechanisms and therapeutic strategies. Nat Rev 
Immunol. 2015;15(5):271-82. 
41. Li Y, Ye Z, Yang W, Zhang Q, Zeng J. 
An Update on the Potential of Mesenchymal 
Stem Cell Therapy for Cutaneous Diseases. 
Stem Cells Int. 2021;2021:8834590-. 
42. Leyendecker A, Jr., Pinheiro CCG, 
Amano MT, Bueno DF. The Use of Human 
Mesenchymal Stem Cells as Therapeutic Agents 
for the in vivo Treatment of Immune-Related 
Diseases: A Systematic Review. Frontiers in 
immunology. 2018;9:2056-. 
43. Tahmasebi P, Abtahi froushani SM, 
Afzale Ahangaran N. Thymol has beneficial 
effects on the experimental model of ulcerative 
colitis. Avicenna journal of phytomedicine. 
2019;9(6):538-50. 
44. Chakkarwar VA. Fenofibrate attenuates 
nicotine-induced vascular endothelial 
dysfunction in the rat. Vascular pharmacology. 
2011;55(5-6):163-8. 
45. Babich H, Borenfreund e. Cytotoxic 
and morphological effects of 
phenylpropanolamine, caffeine, nicotine, and 
some of their metabolites studied in vitro. 
Toxicology In Vitro. 1992;6(6):493-502. 
46. Oloris SCS, Frazer-Abel AA, Jubala 
CM, Fosmire SP, Helm KM, Robinson SR, et 
al. nicotine-mediated signals modulate cell 
death and survival of t lymphocytes. Toxicol 
Appl Pharmacol. 2010;242(3). 
47. Lee H-J, Guo H-Y, Lee S-K, Jeon B-H, 
Jun C-D, Lee S-K, et al. Effects of nicotine on 
proliferation, cell cycle, and differentiation in 
immortalized and malignant oral keratinocytes. 
journal of oral pathology and medicine. 
2005;34(7):436-43. 
48. Al-Wadei MH, Banerjee J, Al-Wadei 
HAN, Schuller HM. Nicotine induces self-
renewal of pancreatic cancer stem cells via 
neurotransmitter-driven activation of sonic 
hedgehog signaling. European journal of cancer. 
2016;52:188-96. 
49. Angeloni C, Gatti M, Prata C, Hrelia S, 
Maraldi T. Role of Mesenchymal Stem Cells in 
Counteracting Oxidative Stress-Related 
Neurodegeneration. Int J Mol Sci. 
2020;21(9):3299. 
50. Bryan NS, Grisham MB. Methods to 
detect nitric oxide and its metabolites in 
biological samples. Free Radic Biol Med. 
2007;43(5):645-57. 
51. Rogan DF, Cousins DJ, Santangelo S, 
Ioannou PA, Antoniou M, Lee TH, et al. 
Analysis of intergenic transcription in the 
human IL-4/IL-13 gene cluster. 
2004;101(8):2446-51. 
52. Giulietti A, Overbergh L, Valckx D, 
Decallonne B, Bouillon R, Mathieu C. An 
Overview of Real-Time Quantitative PCR: 
Applications to Quantify Cytokine Gene 













Immune responses after receiving nicotine-pulsed MSCs, Abtahi Froushani S.M.et al. 
 
 














Table 1. Primer pairs used for IL-4 and IFN-γ  were shown in up table. 
